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1
1.1

E XECUTIVE S UMMARY
Background

On July 28, 2010, The Public Utilities Commission of Nevada (PUCN) issued a draft Compliance
Order to determine how Distributed Generation (DG) can impact NV Energy’s energy delivery
system performance, reliability, distribution operations, and electricity rates.1 As a result of its
significant experience examining DG integration on utility systems in Nevada and the U.S.,
Navigant Consulting, Inc. (Navigant) was selected by NV Energy to conduct a study to address
the PUCN’s primary objective contained in its Order, summarized in the following question:
‘What is the “maximum amount of DG from renewable energy that can be integrated on the
distribution systems of the Companies within the existing operating limits?ʺ2
Supporting Navigant’s analysis was a DG Stakeholder Group that met regularly throughout the
course of the study to provide input and feedback on project results and findings. These
stakeholders included the Nevada State Energy Office (NSOE), Nevada Clean Energy Center,
Nevada Clean Energy Project, U.S. Department of Energy (DOE), Bureau of Consumer
Protection of the Attorney’s Generals’ Office (BCP), SunPower Corporation and the PUCN.3
Navigant worked closely with NV Energy’s Distribution Planning & Operations Departments
to complete detailed analyses in support of the DG integration and impact studies.
Navigant’s study focused on evaluating the technical and economic impacts of DG on NV
Energy’s system and its ratepayers. This study does not address the cost, economics or value of
DG from the DG owner’s perspective. Further, our investigation focuses on DG installed on NV
Energy’s distribution lines (feeders) or customer premises, as highlighted in Figure 1.
Figure 1. Focus of DG Evaluation

1

Docket No. 10‐04008.

2

PUCN Order, Section III – Procedural History, page 2.

3

Stakeholders that participated in project meetings are listed in Appendix C.
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For our analysis, varying levels of DG penetration were analyzed for two technologies: solar
photovoltaic (PV) and wind. Assumptions that were applied to PV and wind DG are detailed
below.
(1) Approximately 80% of the DG penetration was PV:


The typical residential rooftop size was 3‐5 kW, 100% fixed tilt flat plate. In
the North, sizes were 2‐5 kW; the Southern NV Energy system tends toward larger 5
kW systems;



The typical commercial rooftop size was 250‐500 kW, 100% fixed tilt flat
plate;



The typical commercial ground size was 1,000 to 5,000 kW; Some ground
installations were assumed to use single axis tracking; and



PV penetration was assumed to be 90% in the South, and 70% in the North,
reflective of wind resource constraints in high load density urban areas in Las Vegas.

(2) Approximately 20% of the DG penetration was small wind energy systems:


Residential wind was sized at 5 kW; commercial wind at 20 kW;



An 80% commercial, 20% residential split was used, reflective of recent rural
pumping applications and installations;



Small wind penetration was assumed to be 10% in the South, and 30% in the
North, due to greater wind availability in the North.

Other assumptions include:


Smaller DG is located behind the revenue meter located on the customer’s
premises, with larger ground‐based systems on NV Energy’s 12.47 kV feeders in the
South and 25 kV feeders in the North;



PV inverters and small wind inverters were assumed, with power factor of
1.04, and governed by IEEE 1547 interconnection standards.

Results from our analyses are summarized below for DG penetration levels ranging from 1
percent (current RPS projections) to 15 percent of the NV Energy’s composite system peak.
These DG penetration levels and other assumptions were accepted by the Stakeholder Group.5

Power factor is defined as the ratio of the real power flowing to the load to the total amount of power needed to
serve real and reactive load, where reactive load includes magnetic and inductive energy that is needed for electric
power lines and motors to operate, but which does not consume real power.

4
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1.2

Findings and Conclusions

Navigant’s analysis indicated that NV Energy’s distribution system alone is not the limiting
factor with regard to how much DG can be installed under existing operating limits. For higher
DG penetration, the impact on the transmission grid and generation operations must be
considered. Further, the presence of large, utility‐scale renewable generation may curtail the
amount of DG that can be installed on NV Energy’s distribution system.

Impact Analysis
As discussed in Figure 2, DG can impact transmission system performance and generation
dispatch costs, particularly when utility‐scale renewable projects are added to the electric
generation mix.6 Accordingly, Navigant recommended and the Stakeholders Group agreed that
the DG technologies analyzed in this study should be included in the ongoing Utility‐Scale PV
Integration Study authorized by the PUCN in Docket No. 10‐02009, which will be completed in
July 2011.

5

In virtually all areas, Navigant and the Stakeholder team were able to achieve consensus on methods and
assumptions. Some Stakeholders disagreed with the DG penetrations limits, arguing for lower (or higher levels), but
the group agreed to a resolution that all Stakeholders felt would address their issues.
6

NV Energy’s current renewable portfolio includes 44 projects with 1,240 MW of large, utility‐scale renewable
projects that have been approved by the PUCN. These projects are listed in Appendix A.
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Figure 2. Impact Analysis Summary
What is the maximum amount of DG from renewable energy
that can be integrated on the distribution system within
existing operating limits?

Given distribution
thermal and voltage limits,
what is the maximum
amount of DG?
0%

30%

• Most feeders can accept up to
20% or more of DG without
violating voltage or thermal
limits if DG is uniformly
distributed
• When DG systems are strongly
clustered, some feeders will
potentially experience voltage
regulation issues and DG
penetration levels for
individual feeders will be lower
• Longer feeders also limit the
amount of DG that can be
installed

Are there other
distribution‐level
technical factors that
limit the maximum
amount of DG?

Does transmission
steady state and
dynamic performance
impact the amount of
allowable DG?
0%

To be determined

30%

• Preliminary steady state and
dynamic load flow modeling of
NVE’s Southern transmission
system indicates that DG can
negatively impact transmission
system performance,
particularly when large
renewable DG is included
• Ongoing studies evaluating
integration of large PV will fully
address transmission system
impacts

0%

30%

• Based on findings for other
systems with high DG
penetration, NVE should
evaluate the impact of clustered
DG on power quality before
large quantities of inverter‐
based devices are installed
• NVE also will need to monitor
feeder performance and power
quality prior to when new large
PV is installed with large
amounts of small DG at the
distribution level

Given generation
minimum run and
commitment schedules,
what is the maximum
amount of DG?
0%

To be determined

30%

• Under low load conditions, the
combination of small DG and
large intermittent generation can
cause generation to operate at
non‐optimal levels
• At higher DG penetration,
generating operating reserve
margins likely will increase,
causing added costs.
• Other transmission connected
utility‐scale wind or solar added
to the system will decrease the
amount of allowable DG

Benefits Analysis
DG can reduce fuel and emissions, mostly displacement of gas‐fired generation. As discussed in
Figure 3, fuel and emissions are the primary cost reductions achieved by DG. Capacity benefits
are not significant due to low DG capacity factors, intermittent output and non‐alignment of DG
output with feeder and system peak demands.
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Figure 3. Benefits Analysis Summary

Does DG provide benefits to NV Energy?

Does DG provide
avoided emissions
benefits?

Yes

No

• Preliminary results presented in
this study do not fully reflect
the impact DG will have on
generation emission output
caused by intermittent DG
• Higher emissions may be
created by generation operating
at lower efficiency level
operates at the margin during
periods of light loads
• The value of emissions offsets
may vary as new legislation is
enacted

Does DG reduce
distribution losses?

Does DG provide fuel
costs benefits?

Does DG provide
avoided capacity
benefits?

Yes

Yes

Yes

No

• PV daytime output corresponds
to periods of highest losses at
the system level, with attendant
savings; however, distribution
losses on many NVE feeders is
low
• On lightly loaded feeders,
modest DG penetration can
cause losses to increase,
particularly on long, rural
feeders

No

• Most fuel savings occur due to
the displacement of natural gas
generation operating during
daytime hours
• At higher DG penetration
levels, generation may operate
at less than optimum dispatch
levels – this will be analyzed in
the Utility‐Scale PV Integration
Study
• Any DG that is net metered will
transfer non‐fuel costs to other
ratepayers

No

• There are virtually no generation
capacity benefits as PV output at
the 8:00pm system peak is zero
• Similarly, most distribution
feeder peaks occur during
evening or shoulder hours when
PV output is low
• The automatic tripping of DG
under IEEE 1547 further limits
DG capacity benefits at the
distribution level

Economic Analysis Results
The economic impact of DG is not limited to the distribution system, as the combination of new
utility‐scale PV and smaller DG may impact NV generation operations and costs. As discussed
in Figure 4, generation dispatch, operating reserves and unit commitment schedules can be
impacted by DG when utility‐scale renewable projects are included in the evaluation. If the
larger renewable project output is included in the mix of renewable generation, the amount of
DG that can be installed on the distribution system may be significantly limited.
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Figure 4. Economic Analysis Summary
What are the costs to NV Energy to integrate increasing
amounts of DG to the distribution system?

Does DG cause
significant system
protection upgrade
costs to NV Energy?
Yes

No

• At low DG penetration levels
and where DG is uniformly
distributed, protection impacts
are minimal for most feeders
• At higher penetration levels
reverse power flows and high
flows will limit the amount of
DG that can be installed
• DG may cause fault duty to
approach or exceed equipment
limits in the North; additional
study is needed to confirm
which equipment is impacted

Does DG cause
significant line size
and voltage upgrade
costs to NV Energy?
Yes

Does DG cause
significant costs to NV
Energy?

Yes

No

To be determined

No

Does DG provide net
economic benefits to
NVE?

Yes

To be determined

No

• Line thermal capacity generally is
• At low DG output or penetration, • Fuel , emissions, and other
sufficient
benefits do not fully offset costs
generation dispatch is minimally
• Local capacity limits should be
to ratepayers under current rates
impacted
evaluated for heavy clustering
• However, these preliminary
• Under higher DG penetration
• For heavy clustering or DG located
results do not fully assess the
levels, economic dispatch can be
on long circuits, voltage limits may
impact of large‐scale renewable
impacted as DG may displace
be exceeded
projects on transmission and
low‐cost generation or cause
• Transmission level upgrades may
power system costs.
hourly imbalances
be needed when new large
• Transmission and power system
• Further, unit commitment
renewable projects are installed
impacts will be studied as part
schedules may shift due to DG,
along with distribution‐level DG.
of the Utility‐Scale‐Scale PV
causing non‐optimal generation
This issue will be analyzed in the
Integration Study
economic dispatch
Utility‐Scale PV Integration Study.

Summary Assessment
Navigant’s independent assessment found that NV Energy’s distribution system alone does not
limit the amount of DG that can be installed within existing operating limits. While studies
completed at the distribution level were rigorous and provided important findings, other
factors, including bulk grid impacts and the presence of utility‐scale renewable projects must be
considered when evaluating DG impacts.
Specific findings include:
•

If DG is uniformly distributed, voltage and thermal studies indicate distribution feeders
generally are not the limiting factor for potential DG penetration. In most locations,
substation reverse power limits will determine how much DG can be installed, as
reverse power may degrade reliability and voltage performance. Further, if DG is
clustered – clustering is likely to occur due to program design, incentives, suitability of
location, demographics and income ‐ DG limits also may be reduced at the feeder level.

•

The impact of other large, utility‐scale renewable projects, demand response, and
efficiency programs need to be taken into account to fully assess DG limits.
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o

Transient issues caused by sudden cloud cover with attendant large shifts in DG
output on NV Energy’s control area performance were not studied. An ongoing
PV operational study with DOE and SNL, the Utility‐Scale PV Integration Study,
will address this issue, and will be completed in July 2011.

o

The impacts of DG on the distribution system cannot be studied in isolation. As
part of the Utility‐Scale Solar PV Integration Study, Navigant will evaluate the
impact of both large PV and small DG on the entire system, including low and
high load conditions.

•

The economic impact of distribution level DG on ratepayers was evaluated at a macro
level relative to varying DG penetration, consistent with the study scope. Some
Stakeholders suggested additional analysis may be needed to fully assess rate impacts.
(e.g., Bureau of Consumer Protection, October 22, 2010 Comments in Docket 10‐04008).

•

Power quality impacts of large amounts of DG have not been undertaken on a large‐
scale in the U.S. This is new territory for the electric utility industry and DG community,
and needs further study prior to when higher DG penetration levels are reached.

•

Economic studies show fuel and emissions reductions for energy displaced by DG
output is mostly natural gas fired with some reduced coal emissions, resulting in the
potential loss of operating flexibility for NV Energy’s generation portfolio.

•

When compared to the value of the energy paid under NV Energy’s retail rates, savings
for the same amount of energy produced by DG are well below NV Energy’s actual cost
of service. Since the incremental electric utility benefits from DG energy production are
lower than the reduced revenues, this would create a potential subsidy to DG owners.

Integration of DG and Utility‐Scale PV Studies
Navigant, with the support of the Department of Energy (DOE), Sandia National Laboratories
(SNL), Pacific Northwest National Laboratory (PNNL) and NV Energy, is conducting a research
study to assess the impacts of DG and utility‐scale renewable projects on NV Energy’s
transmission system. The utility‐scale renewable projects include those which have signed
purchase power agreements (PPAs), but are not yet in commercial operation. The study will
include evaluating the power system impacts of DG and PV located in Southern Nevada,
ranging from 200 MW in the next few years to up to 1,000 MW by 2020. At these levels, DG and
PV could supply 20 percent of NV Energy’s load at peak, and up to 50 percent or more during
off‐peak hours.
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2

I NTRODUCTION

2.1

Background

On July 28, 2010, The Public Utilities Commission of Nevada (PUCN) issued a draft Compliance
Order to determine how Distributed Generation (DG) can impact NV Energy’s energy delivery
system performance, reliability and distribution operations, as well as electricity rates.7 As a
result of its significant experience examining DG integration on electric utility systems in
Nevada and the U.S., Navigant Consulting, Inc. (Navigant) was selected by NV Energy to
conduct a study to address the PUCN’s primary objective contained in the Order, summarized
in the following question:
‘What is the “maximum amount of DG from renewable energy that can be integrated on the
distribution systems of the Companies within the existing operating limits?”8
Supporting Navigant’s analysis was a DG Stakeholder Group that met regularly throughout the
course of the study to provide input and feedback on project results and findings. These
stakeholders included the Nevada State Energy Office (NSOE), Nevada Clean Energy Center,
Nevada Clean Energy Project, U.S. Department of Energy (DOE), Bureau of Consumer
Protection of the Attorney’s Generals’ Office (BCP), SunPower Corporation and the PUCN.
Navigant worked with NV Energy’s Distribution Planning & Operations Departments to
perform the DG integration and impact studies. Navigant started the study in August 2010 and
completed its evaluation in December 2010 as required in the PUCN Order.
In compliance with the PUCN’s Order, Navigant held regularly scheduled meetings in Las
Vegas with the Stakeholder Group. These included PowerPoint presentations of study results,
and proposed work activities for Stakeholder review and comment; final copies and notes were
submitted to the PUCN. Stakeholder meetings and webinars were held on the following dates:


August 13, 2010:

Meeting No. 1 (Kick‐Off Meeting)



September 2, 2010:

Interim Review of Study Assumptions (Webinar Only)



September 28, 2010:

Stakeholder Meeting No. 2



November 1, 2010:

Stakeholder Meeting No. 3



December 2, 2010:

Stakeholder Meeting No. 4

7

Docket No. 10‐04008.

8

PUCN Order, Section III – Procedural History, page 2.
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December 14, 2010:

Stakeholder Meeting No. 5 (Final Review‐Webinar

Only)
Appendix C contains the final record of these stakeholder meetings, including comments and
responses.

2.2

Overview: DG Integration

Navigant’s investigation focused on DG installed on NV Energy’s distribution lines (overhead
or underground feeders) or customer premises, highlighted in Figure 5. It excludes larger DG
installed on NV Energy’s transmission system or substation, depicted outside of the highlighted
segment of the illustrative diagram of the power generation and delivery system. Most smaller
DG, including residential PV and wind systems, are assumed to be located behind the
customer’s meter at 240 volts, the standard service voltage for residential and small commercial
customers. Larger DG installed on large commercial and industrial systems – typically 1 MW
or less – often are interconnected at a higher service voltage such as 480 volts. Larger DG, up to
5 MW, normally is installed directly on the higher voltage distribution feeders, which operate
mostly at 12,470 volts (12.47kV) in the Las Vegas area, and 25,000 volts (25kV) in the Reno area
and Northern Nevada.9 Appendix B contains a glossary of technical terms that appear within
this report.
Figure 5. Focus of DG Evaluation

Navigant’s analysis focused on evaluating the technical and economic impacts of DG on NV
Energy’s system and its ratepayers. Although the study assumes most DG would be installed
on customer premises, it does not address the cost, economics or value of DG from the owner’s
perspective (i.e., customer owns the DG), nor does it compare the cost‐effectiveness of specific
DG technologies.

9 Some distribution lines in Northern Nevada operate at 12.47 kV; mostly in Reno and Carson City. There also are a
few distribution feeders in the Las Vegas area that operate at 25 kV or 4.16 kV.
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2.3

Scope of Work

Task Descriptions
Given the background, DG interconnection, and study requirements outlined above, Navigant
developed a scope of work comprised of four key tasks:
Task 1: Study Assumptions
Develop a set of DG and distribution system assumptions, operating conditions
and representative feeders and DG locations, and obtain consensus with the
Stakeholder group on the above and proposed methods for DG evaluation. Define
tools, models and analytical methods that will be used to derive DG limitations.
Task 2: Technical Analysis (System Impacts)
Analyze the impact of increasing amounts of DG on NV Energy’s energy delivery
system. The analyses should include technical studies of DG impacts on
transmission and distribution (T&D) voltage performance, power quality and
thermal capacity. Results will be used to identify the amount of DG that can be
installed with existing operating limits.
Task 3: DG System Costs and Benefits
Identify the costs and benefits associated with installation of increasing amounts
of DG. Assess cost and benefit trade‐offs associated with DG impacts.
Task 4: Economic Analysis
Conduct long‐term economic studies of DG, including incremental costs and
benefits analyses of electric utility system impacts. Evaluate impact of increasing
DG penetration on NV Energy’s benefits and cost, including a comparison of net
benefits and costs of DG energy output to reduction in retail revenues caused by
the displaced energy.
From its analysis of distribution system impacts, Navigant determined that its scope of work
would need to be expanded to examine impacts that DG may impose on NV Energy’s
transmission system and bulk power grid. This recommendation was made after preliminary
studies of NV Energy’s transmission system and generation performance indicated that more
comprehensive analyses were needed. Navigant also determined both DG and proposed
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utility‐scale renewable projects should be jointly evaluated in detail to fully assess performance
impacts and the cost of DG integration.

DG Penetration Scenarios
Following lengthy discussion of DG penetration scenarios and project objectives, Navigant and
a majority of Stakeholders agreed to evaluate DG penetration levels of up to 15 percent over a
10‐year horizon. Figure 6 presents three scenarios – low, medium and high – that were
established at the onset of the study.
Figure 6. DG Penetration Scenarios

2.4

Methodology

Overview
Navigant employed rigorous analytical methods and tools to evaluate the impact of increasing
levels of DG on NV Energy’s distribution system. These included sophisticated, industry
accepted simulation models (described in detail in the following sections), to predict the impact
of DG on power delivery system performance and costs. All outcomes and findings from these
studies were vetted with the Stakeholders, and several adjustments to assumptions and DG
penetration scenarios were made based on the comments received.10

10

A synopsis of Stakeholder comments is included in each of the meeting notes attached as Appendix C.
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Study Assumptions
Similar to the methodology review, Navigant prepared an initial set of technology, operating,
and cost assumptions that were presented to the Stakeholders for comment. From these
discussions, revisions were made to project assumptions throughout the study.
For our analysis, varying levels of DG penetration were analyzed for two technologies: solar
photovoltaic (PV) and wind. Assumptions that were applied to PV and wind DG are detailed
below.
(1)

Approximately 80% of the DG penetration was PV:


The typical residential rooftop size was 3‐5 kW, 100% fixed tilt flat plate. In
the North, sizes were 2‐5 kW; the South tends toward larger 5 kW systems;



The typical commercial rooftop size was 250‐500 kW, 100% fixed tilt flat
plate;



The typical commercial ground size was 1,000 to 5,000 kW; Some ground
installations use single axis tracking; and



PV penetration was assumed to be 90% in the South, and 70% in the North,
reflective of wind resource constraints

(2) Approximately 20% of the DG penetration assumed was small wind energy systems:


Residential wind was sized at 5 kW; commercial wind at 20 kW;



An 80% commercial, 20% residential split was used, reflective of recent rural
pumping applications and installations; and



Small wind penetration was assumed to be 10% in the South, and 30% in the
North, due to greater wind availability in the North.

For the distribution system studies, additional assumptions were applied to enable Navigant to
fully assess the impact of a range of DG technologies on NV Energy’s energy delivery system.
Each of the following assumptions was established to be consistent with the Commission’s
directive to identify DG capacity limits under existing operating conditions.


Technical studies of NV Energy’s distribution system are based on the system
configuration as of 2010;



A set of 6 Northern and 6 Southern distribution feeders was selected to
represent typical feeders in the Northern and Las Vegas areas;



All DG is installed on NV Energy distribution feeders (12.47kV and 25kV
only);
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DG would be studied under a range of locations, including clustering to
better represent areas where uniform distribution of DG installations is unlikely;



NV Energy load flow simulation models would be employed to evaluate
distribution system technical performance and evaluate DG constraints;



Economic studies would be conducted over a 10‐year horizon based on NV
Energy’s avoided costs as provided in its most recent Integrated Resource Plan;



Navigant conducted economic analyses to evaluate DG impacts on utility
ratepayers. The analyses excluded DG owner costs and benefits and costs/benefits
associated with specific DG technologies; and



Costs and benefits considered in the economic analysis include directly
quantifiable impacts on the utility ratepayers and exclude intangible or non‐quantifiable
impacts.

Navigant expanded its analysis and study assumptions upon its finding that NV Energy’s
distribution system alone was not the limiting factor to DG capacity and therefore needed to
include transmission and bulk grid impacts. This finding required Navigant to jointly assess
the impacts of DG on NV Energy’s distribution and transmission system. However, Navigant
did not evaluate the impact of utility‐scale renewable projects, including those which have
signed purchase power agreements (PPAs), but are not yet in commercial operation. Future
studies of utility‐scale renewable projects should include DG when evaluating impacts on the
transmission system and control area operations. Accordingly, the ongoing Utility‐Scale PV
Integration Study incorporates this recommendation.11

Simulation Models and Analytical Methods
Navigant applied industry‐accepted, commonly used methods and tools to perform the
technical impact studies, including power system simulation models suitable for evaluating DG
impacts. An overview of these tools and how each was employed to assess DG impacts follows.
For the distribution and transmission models, current 2010 databases used by NV Energy were
used in the evaluation, whereas the production costing studies were performed over a ten‐year
period.

11 A team comprised of Navigant, DOE, Sandia National Laboratories (SNL), Pacific Northwest National Laboratories
(PNNL) and NV Energy currently is conducting a study of intermittent renewable output on power system and
generation performance and operations. This study responds to a Commission decision to approve the Company’s
request to approve expenditures for the study, prompted by the large number of requests for interconnection of
large‐scale projects on NV’s transmission system. The size of these requests ranges from 10 MW to over 300 MWs.
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Distribution Analysis
The primary tool used to assess distribution level impacts was the ABB FeederAll Distribution
Load Flow Model. The FeederAll Model contains a detailed database of virtual nodes12 on NV
distribution feeders, thereby ensuring a sufficient level of rigor and accuracy needed for
modelling of DG technologies. The feeder load flow model is used to evaluate how DG impacts
feeder thermal loadings, voltage ranges, and loss performance. NV Energy’s Distribution
Planning Department performed the FeederAll studies under Navigant’s direction.
Transmission Analysis
The primary tool used to assess transmission level impacts was the General Electric Positive
Sequence Load Flow (PSLF) Model. The PSLF model contains a detailed database of both the
Western Electricity Coordination Council (WECC) and NV Energy’s transmission grid, thereby
ensuring DG technologies are accurately modelled and their impacts fully detected within and
outside of NV Energy’s control area. The PSLF model evaluates how increasing levels of DG
installed on NV Energy’s distribution impacts steady state feeder thermal loadings and
performance for key contingency events. These contingencies included a loss of key
transmission lines and concurrent loss of DG due to the event. An adjunct model was
employed to assess dynamic impacts of a concurrent loss of lines and DG within NV Energy’s
control area. NV Energy’s Operations Department performed the steady state and dynamic
studies under Navigant’s direction.
Production Costing Studies
The Ventyx13 PROMOD Production Costing Simulation Model was used to estimate fuel and
variable operation and maintenance savings, and predict emissions reductions. Navigant
retains a recent version of PROMOD and utilized NV Energy’s databases to conduct production
simulations studies for 2011 through 2020. The cases Navigant prepared correspond to those
NV Energy used to project energy costs as filed in its recent Integrated Resource Plan (IRP).

12

A node typically defines a junction or load point, transformer location, switching device or location of distribution
equipment on a distribution feeder. Many NV Energy feeders had several hundred nodes in its FeederAll model.

13

Ventyx is an ABB Company
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3

T ECHNICAL S TUDIES

Navigant and the Stakeholder Group devoted a significant level of effort to technical studies
needed to respond to the Commission’s directive to identify the amount of DG that can be
installed within existing operating limits. This section provides an overview of NV Energy’s
distribution system and a detailed analysis of technical constraints including voltage
performance, short circuit and thermal capacity limits of NV Energy’s distribution system.
Navigant’s initial finding is that NV Energy’s distribution system, when DG is uniformly
distributed, is not the sole limiting factor to DG capacity on most individual feeders. As a result
of this finding, Navigant then conducted high level studies of NV Energy’s transmission grid
and control area operations, and found that further detailed studies would be necessary to
properly account for all system level impacts – these results will be included in the forthcoming
Utility‐Scale PV Integration Study. In summary, this section presents the results of steady state
and dynamic load flow studies of increasingly levels of DG on NV Energy’s distribution system
and bulk transmission grid. It includes output and results of power flow simulation studies
undertaken by NV Energy to support Navigant’s investigation of DG impacts.

3.1

Distribution Feeder Selection

The DG feeder studies initially focused on a selected set of feeders deemed to be representative
of those located in NV Energy’s Las Vegas and Northern areas. The intent was to ensure these
feeders include a suitable range of topologies, load density, voltage classes, and overhead and
underground feeders. It also included a sufficient mix of residential, commercial, agricultural,
and industrial customers where DG technologies likely would be installed. Once selected, DG
technologies were allocated across these feeders in amounts up to 15 percent (or greater) total
penetration.14

Representative Feeders
Discussions with NV Energy’s distribution planning and operations and subsequent review
sessions with the DG Stakeholder Group led to the selection of six representative feeders in the
Las Vegas area, and six in the Northern area. These feeders appear in Table 1 and Table 2,

14 Total DG penetration is based on rated DG capacity versus the NV Energy’s coincident system peak of peak of
approximately 7100 MW (South and North areas combined) The coincident minimum load of the two systems is
approximately 2500 MW.
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which include a description of line length, voltage, minimum and maximum annual demand,
and type of DG most likely to be installed. All feeders in the South are located in greater Las
Vegas; whereas feeders in the North are widely distributed across the Northern and Central
area of Nevada.
Table 1. Representative Feeders: Southern Area

Feeder Name

Feeder
Description

Voltage (kV)

Length
(Miles)

Demand
(MW)

Project Type

Feeder No.1

Commercial
Convention
Center

12

2.2

.03 ‐> 5.1

Large rooftop
PV

Feeder No.2

Commercial
Downtown

12

0.2

7.6‐>14.0

Large rooftop
PV

Feeder No.3

Residential

12

2.1

1.2‐>6.1

Residential
rooftop PV

Feeder No.4

Industrial /
Commercial

12

1.2

1.9‐>8.1

Rooftop &
ground‐based
PV

Feeder No.5

Sub‐
Industrial

12

16.6

1‐> 3.4

Large, ground
based PV

Feeder No.6

Wind

12

16.6

0.25‐>1.1

Wind

All feeders in Las Vegas area (South) are rated at 12.47 kV, the dominant voltage class in the
Nevada Power (NPC) area; whereas all feeders in the North are rated at 25 kV, the dominant
voltage class of the Sierra Pacific (SPPC) area. Notably, many feeders in the South are relatively
short due to the high load density and the large amount of commercial load in Las Vegas. The
variability in line length, load density, and customer mix is greater in the North, reflecting the
large amount of agricultural and rural load. Because a greater percentage of wind generation is
installed in the North, two feeders included wind DG.
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Table 2. Representative Feeders: Northern Area
Feeder Name

Feeder
Description

Town

Voltage
(kV)

Length
(Miles)

Demand
(MW)

Project Type

Feeder No.1

Residential,
Agricultural

Elko

25

110

.6 ‐>2

Mixed wind and
small PV

Feeder No.2

Residential,
Industrial,
Commercial

Reno

25

31.6

1.6‐>11.6

Residential PV and
large rooftop PV

Feeder No.3

Residential

Carson

12

61

1.5 ‐>8.3

Residential rooftop
PV

Feeder No.4

Residential,
Resort/
Commercial

Reno

25

1.8

.4 ‐>17.6

Large rooftop PV &
residential PV

Feeder No.5

Ind. Warehouse,
Commercial, Light
Manuf.

Reno

25

1.2

1.4 ‐>11.4

Large rooftop PV

Feeder No. 6

Wind

Elko

25

163

1.6 ‐>2.2

Wind

DG Allocation Methods
Based on an inventory of NV Energy feeders for both the North and the South, as shown in
Table 3 and Table 4, the representative feeders were allocated on the basis of the feeder
description above. These allocations are shown in Figure 7. Note that the commercial/industrial
categories were lumped, and divided evenly between the commercial and industrial
representative feeders. For example, for the residential class in Table 3, row 2, there are 671
residential feeders out of 905 in the South, representing 877,029 customers (98% of customers),
and 5,132 MW of peak load (83 percent of total peak load). These customers were a focus of the
study.
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Table 3. South Feeder Data
# of

% of

# of

feeders

total

Customers

feeders

in Class

Classes in Class
A
R
M
C
I
Totals
A

26
671
67
133
8
905

2.9%
74.1%
7.4%
14.7%
0.9%
100%

3,031
877,029
9,567
1,295
126
891,048

Total Peak

% of

Load of

Total

% of total

Class in

Peak

customers

MW

Load

0%
98%
1%
0%
0%
100%

43
5,132
293
663
34
6,166

0.7%
83.2%
4.7%
10.8%
0.6%
100%

Rural

R

Residential

M

Mix (Res/Com)

C

Commercial / Industrial

I

Industrial

Table 4. North Feeder Data
# of

% of

feeders

total

Classes in Class feeders
A
R
M
C
I
Totals

45
235
50
23
18
371

12%
63%
13%
6%
5%
100%

A

Rural

R

Residential

M

Mix (Res/Com)

# of
Customers % of total
in Class
3,929
263,675
7,833
344
628
276,409

C

Commercial / Industrial

I

Industrial

customers
1%
95%
3%
0%
0%
100%

Total Peak

% of

Load of

Total

Class in

Peak

MW

Load

55
1,108
264
109
96
1,633

3%
68%
16%
7%
6%
100%
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Figure 7. Feeder Allocations
South #6 Wind South ‐
Rural / Industrial

Other

North #1 Residential ‐
Agricultural

South #5 Sub‐
Industrial

North #2 Residential,
Industrial, Commercial

North #3 Residential

South #4 Industrial /
Commercial

North #4 Resort/
Commercial
North #5 Ind.
Warehouse,
Commercial, Light Mfg

North #6 Wind North ‐
Rural
South #1 Commercial
Convention Center
South #2 Commercial
Downtown

South #3 Residential

3.2

Distribution Feeder Studies

Navigant completed steady state feeder load flow simulation studies to identify the level at
which DG penetration exceeds thermal or voltage limits. Navigant’s methodology included:
1. Application of NV Energy’s Distribution Load Flow Model to analyze DG impacts on
feeder loadings and steady state voltages.
2. Conducting Load Flow studies for DG at 1%, 9%, 15% and higher penetration levels,
including penetration levels up to reverse power limits.
3. Allocating DG at up to six injection points along feeders. This allocation was considered
sufficient to produce accurate load flow results.
4. Conducting load flow studies under heavy and light load conditions, assuming DG at
full and zero output prior to the enabling of voltage regulation devices (Substation load
tap changer) – this was deemed to be the most severe condition.
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5. Identification of bus and end of feeder voltages to determine violations of voltage
criteria (+/‐ 5 percent).
6. Derivation of loss savings for peak and light load conditions.
Initial feeder studies included DG locations under the assumption that DG would be uniformly
distributed. Navigant also conducted case studies with DG clustered within a small geographic
footprint, including a sensitivity case where all DG is clustered at the end of the feeder. These
cases are important, as heavy clustering of DG creates localized thermal loading or voltage
violations on many systems. Navigant anticipates DG clustering may occur on NV Energy’s
system due to developer preferences, suitability of location to accommodate DG, customer
income and other factors. Figure 8 illustrates uniform versus clustered DG for South Feeder
Number 3.
Figure 8. Uniform Versus Clustered DG

3.3

Feeder Thermal Capacity Limits

Thermal capacity in both the transmission and distribution systems is largely based on the
physical properties of various types of equipment including the actual cables from which
feeders are made and the windings from which primary transformers are made. As power
flows through a conductive element the resistance of that element produces heat, which
increases significantly as load increases15. Equipment, line and cable ratings are based on the
maximum amount of heat load that electric elements are able to safely withstand. Thermal

15

Line losses increases at a rate proportional to the square of the feeder load.
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capacity limits of overhead lines, cables and substation equipment, and ancillary devices are
based on their normal ratings as applied by NV Energy’s Distribution Planning Department.

Distribution Capacity
The results of the distribution load flow studies indicate distribution line and equipment
capacity did not experience overloads for each of the DG penetration scenarios modeled.
Notably, many of NV Energy’s feeders in the Las Vegas area are relatively short with large
conductor size, while most feeders in the Northern area operate at 25 kV, which has twice the
current carrying capability of 12.47 kV under comparable density, length and loading
conditions. Further, because DG offsets customer load and operates at near unity power factor,
thermal overloads will occur only where DG can cause reverse power flows. Reverse power
will occur where DG is highly clustered or where DG output exceeds line or cable loadings.16

Substation Capacity
Substation capacity is not a factor for the DG penetration levels studied, as the collective output
from DG is at or below equipment limits under normal conditions.17 Further, study
assumptions prohibit reverse power flow into the transmission grid limits, as this condition
could degrade reliability and voltage performance. If the reverse power criterion is changed at
a later date, then the issue of substation capacity will need to be re‐examined prior to the
installation of larger amounts of DG.

3.4

Feeder Voltage Performance

As discussed in detail above, NV Energy’s distribution system varies by geography, voltage
level, load density and network configuration. NV Energy’s customer mix includes highly
variable load profiles, characterized by a mix of residential, commercial/institutional,
agricultural, and industrial customers. NV Energy’s distribution feeders range between serving
a single commercial or industrial customer, in the case of a spot network, to serving a diverse
mix of customers via one of the other feeder configurations. Each of these factors will impact the
range over which voltage swings can occur due to the presence of DG.

16 Larger DG ‐ a 5 MW limit was specified for this study for commercial ground‐based systems ‐ installed directly on
NV’s primary distribution system may cause line or cable overloads.
17

This excludes the impact of DG on substation short circuit ratings, which is a different performance criterion and is
discussed later.
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Similar to distribution capacity, voltage regulation limits were not violated for the large
majority (over 80 percent) of DG penetration scenarios. Figure 9 illustrates how voltages can
vary increase from 1 percent penetration to maximum penetration levels, where maximum
penetration usually is set to avoid reverse power flow at the substation. Figures 10 and 11
below show the changes in voltages as measured at the substation (upper lines) and at the
location on the feeder most susceptible to voltage variances (lower lines).
For Feeder No. 3 (see Figure 10), one of the most common feeder types on NV Energy’s
distribution system, voltages stayed within limits, defined as 5 percent above or 5 percent below
the standard utility voltage18. The larger conductor size and higher voltages in the Northern
area each serve to stabilize voltages. Further, all DG devices were assumed to operate at or near
unity power factor, effectively making DG appear as a current injection source only; the absence
of variable reactive output and in‐rush current associated with some inductive generators
causes inverter‐based DG to have relatively benign impacts for moderate DG penetration levels.
Figure 9. Feeder Voltage as a Functions of DG Penetration (Feeder No. 3 – South)

1.040
1.030
1.020

Peak Load PV Bus
Voltage

Voltage

1.010

Low Load PV Bus
Voltage

1.000
0.990
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0.980
0.970

Low Load Minimum
Feeder Voltage

0.960

Peak Load Maximum
Voltage Drop

0.950
0.940
1%

9%

15%

Max

DG Pentration

Figure 10 illustrates a greater range of voltage excursion for a longer feeder in the North. For
higher penetration levels upper voltage limits of 1.05 can be reached or exceeded, particularly
when DG is located at the end of the feeder and loads are light. The lower voltage limit of 0.95
is not violated, as the lowest voltage was 0.98 per unit.

18 Voltages are often measured on the residential 120 volt scale as a reference. Using this scale, voltages are allowed
to range between 114 volts and 126 volts. These voltages are equivalent to 0.95 and 1.05 on a per unit scale, a
convention often used by distribution engineers to measure voltage performance.
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Figure 10. Feeder Voltage as a Functions of DG Penetration (Feeder No. 1 – North)
1.060
Peak Load PV Bus Voltage
Low Load PV Bus Voltage

1.040

Peak Load Minimum Feeder Voltage

Voltage

1.020
Low Load Minimum Feeder Voltage
1.000
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0.980

0.960

0.940
0.1%

2.1%

3.3%

18.9%
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Table 5 summarizes the results of the feeder steady state voltage analysis. Table 5 describes
each feeder in terms of length, type of DG most likely to be installed, and voltage change for
low and heavy loading conditions. A violation is deemed to occur when voltage changes are
greater than five percent, a criterion established by IEEE Standard 1547, the Electrical
Engineering organization responsible for developing voluntary compliance standards.
Table 5 presents the maximum voltage drop on each of the six feeders analyzed in the Southern
and Northern regions, respectively, for the low (1 percent), medium (9 percent) and high (15
percent) DG penetration scenarios. The highest DG loading case represents feeders where a
large amount of DG is installed due to developer efforts to focus on a single community or
where new housing developments are designed with integrated PV systems.
Results from Table 5 indicate that voltages are within limits under lower DG penetration
scenarios, regardless of location. Only one minor violation was detected for Feeder No. 5 in the
South under heavy DG penetration (highlighted in red in Table 5). Navigant attributes this
finding to the robust design of NV Energy’s distribution system, which includes larger wire and
cables sizes in the South and higher voltage system in the North (25 kV). Further, many of the
lines in the south are shorter or are underground cable (high capacitance), each of which
minimizes voltage shifts due to load variances or DG. Further, all DG in this study is inverter‐
based, operating at near unity power factor – the minimal reactive power demand of inverter‐
based DG further stabilizes voltage performance.
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Table 5. Distribution Load Flow Study Results
Northern Region ‐ Changes in Voltage Under Varying DG Penetration
Feeder
Name

Peak Load

Len.

Type

Low Load

(Miles)

1%

9%

15%

Max

1%

9%

15%

Max

Feeder No .1

Residential ‐ Ag ric ultural

110

0.0%

0.3%

0.4%

2.2%

0.0%

0.2%

0.4%

1.6%

Feeder No .2

Residential, Industrial, Co mmerc ial

31.6

0.1%

0.6%

0.9%

3.6%

0.1%

0.6%

0.9%

3.3%

Feeder No .3

Residential

22

0.0%

0.4%

0.6%

2.1%

0.0%

0.3%

0.5%

1.1%

Feeder No .4

Residential, Reso rt/ Co mmerc ial

1.8

0.0%

0.1%

0.2%

2.0%

0.0%

0.0%

0.2%

1.6%

Feeder No .5

Ind. Wareho use, Co mmerc ial, Lig ht Manuf.

1.2

0.0%

0.1%

0.2%

1.6%

0.0%

0.1%

0.2%

1.0%

Feeder No . 6

Wind

138

0.2%

0.2%

0.2%

0.6%

0.2%

0.2%

0.2%

0.0%

Southern Region ‐ Changes in Voltage Under Varying DG Penetration
Feeder
Name

Peak Load

Len.

Type

(Miles)

1%

9%

15%

Low Load
Max

1%

9%

15%

Max

Feeder No .1

Co nventio n Center

2.2

Feeder No .2

Co mmerc ial Do wnto wn

0.2

0.0%

0.1%

0.1%

0.7%

0.0%

0.1%

0.1%

0.2%

Feeder No .3

Residential

2.1

0.0%

0.3%

0.5%

2.2%

0.0%

0.1%

0.2%

0.4%

Feeder No .4

Industrial / Co mmerc ial

1.2

0.0%

0.1%

0.2%

1.3%

0.0%

0.1%

0.1%

0.3%

Feeder No .5

S ub‐Industrial

16.6

0.1%

0.5%

0.9%

5.4%

0.0%

0.2%

0.3%

1.7%

Feeder No .6

Wind

16.6

0.1%

1.0%

2.2%

2.6%

0.5%

0.5%

0.7%

0.8%

S ame as Feeder #2

A detailed examination of several feeders show voltage nearing limits for high DG penetration;
mostly longer feeders in the North with DG installed near the end of the feeder. Figure 11
graphically illustrates the change in voltage for four feeders located in Northern and Southern
Nevada. Notably, Feeder No. 3 in the South, a short underground feeder serving high density
load in Las Vegas, exhibits minimal voltage excursion for very high DG penetration.
Figure 11. Voltage Excursion for Increasing DG Penetration
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In summary, distribution load flow studies indicate most feeders can accept significant amounts
of DG without violating voltage or thermal limits if DG is uniformly distributed.19 With heavily
clustered DG, some feeders may approach or exceed voltage regulation limits, and DG limits
will be lower. Additional findings include:
•

Feeders in Southern Nevada serving loads in greater Las Vegas can accept significant
amounts of DG without violating thermal or voltage limits if DG is distributed
uniformly. Many of these feeders (such as by Feeder No. 3) are relatively short, use
larger wire, and represent a large percentage of the total number of feeders in the South.

•

In the North, shorter urban and suburban feeders serving residential, commercial, and
rural loads in the Northern area can accommodate more DG if distributed uniformly;
notably, higher feeder voltages (25 kV) limits voltage drop which increases DG limits.

•

Longer, lightly loaded feeders, mostly in the North, are more likely to experience high
voltage for high DG penetration, particularly for DG located at or near the end of the
feeder.

•

Acceptable DG penetration levels are limited when DG units are highly clustered; these
feeders are more likely to experience voltage violations than uniformly distributed DG,
particularly on longer or heavily loaded feeders.

3.5

Power Quality

Power quality (PQ) impacts include voltage perturbations caused by rapid changes in DG
output, such as highly intermittent output caused by variable wind or cloud cover, and
electrical waveform distortion caused by non‐fundamental voltage or current output from the
DG’s inverter.20

19

These findings above are the result of distribution level analysis only. Transmission level system impacts need to
be considered for determining optimal DG penetration levels.

20 Fundamental electric utility voltages and currents are characterized by 60 hertz frequency. Non‐fundamental
waveforms are at multiples of the fundamental 60 hertz frequency, such as 3rd or 5th order harmonic currents. Such
waveforms, if high, can damage customer or utility equipment, or cause utility protection systems to mis‐operate.

Page 24

Distributed Generation Study
F28

Power Quality (Voltage Perturbations)
Feeder load flow studies indicate the maximum voltage drop on most feeders is generally
below levels that would create power quality (PQ) problems. However, highly intermittent DG
output could create low‐level voltage flicker21 for increased amounts of installed DG.

Harmonics and Resonance
The impact of DG with respect to harmonics and resonance is highly dependent on the
characteristics and impedance of both the primary and secondary feeders, and customer load.
Some studies and measurements of high‐penetration PV in residential areas in the U.S. have not
produced harmonics that exceed industry limits or created power quality impacts. In contrast,
some studies and measurements in Europe and Asia suggest that high DG penetration on a
feeder segment may create resonance conditions or approach or exceed acceptable power
quality (PQ) thresholds or standards.
Preliminary findings include:

21

•

Although the impacts are not fully understood or known at this time, harmonics and
other power quality impacts should be evaluated for higher DG levels prior to the
installation of higher levels of DG on individual NV Energy feeders;

•

Many studies to date have evaluated high penetration PV in Europe, Asia and Australia
(voltages and frequencies differ from those in the U.S. – e.g., 400/200 volts and 50 hertz
in Europe), and therefore may have limited applicability in the US;

•

A key finding in some studies is that non‐linear loads in residences (e.g., TVs) when
coupled with PV inverters may have a much greater impact on power quality;

•

More studies and data from existing and proposed large‐scale PV in the U.S. are needed
to address potential power quality and harmonics issues; and

•

Power systems with strong sources, shorter lines and higher voltages tend to be less
susceptible to PQ impacts.

For example, unacceptable flickering of lights could be observed by residential and commercial customers.
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3.6

Transmission Bulk Power System Impacts

Navigant conducted limited transmission studies with up to 15 percent DG penetration to
determine if DG installed on the distribution system can impact transmission system
performance. High level findings indicate that voltage swings on the transmission system are
significant; thereby confirming our conclusion that detailed studies of NV Energy’s
transmission system and bulk power grid should be undertaken. As noted earlier, detailed
studies of transmission impacts was beyond the scope of our investigation, but will be
addressed in the ongoing Utility‐Scale PV Integration Study authorized by the PUCN in Docket
No. 10‐02009, which will be completed in July 2011.

Methodology
Assumptions and methods employed in the limited transmission analysis included:
1) Conducting steady state transmission load flow studies of the Southern region, for peak
load (summer) and light load (spring) cases. The following conditions applied:
•

Single (n‐1) and double (n‐2) contingencies, including those most likely to result
in low bus voltages;

•

Up to 15% inverter based DG, equally distributed at 230 kV Las Vegas area
substations, connected to low voltage busses; and

•

Assumed subsequent loss of on‐line DG for contingency events (e.g., post‐
contingency low bus voltages causes DG tripping).

2) Use of an DG inverter model based on industry averages, including unity power factor;
3) Increasing DG penetration levels from 250 MW to 1,000 MW in the Southern region; and
4) Conducting dynamic studies to identify potential system voltage or generation
instabilities.
The initial studies that Navigant conducted to examine DG impacts on NV Energy’s Southern
distribution system did not include a set of exhaustive analyses normally associated with
comprehensive transmission studies, nor did it examine the impact of intermittent output from
renewable generation. Such studies should be completed to fully assess DG impacts.
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Initial Findings
The limited set of steady state and dynamic simulation studies performed at NV Energy’s
Southern transmission system indicate that DG can impact voltage performance; thus, DG limits
cannot be identified by studying the distribution system alone.
Related findings include:


Preliminary steady state results indicate post‐contingency voltages reach undesirable
levels when 15 percent (of NV Energy Southern area load) of inverter based DG is
located in the greater Las Vegas area; this includes voltage swings outside NV Energy’s
control area.



The studies were performed under idealized conditions. When the impact of large
imports, interface transfers, and generation placed off‐line due to DG output, voltage
variances are likely to be greater; and



Similarly, when approved and proposed large‐scale renewable and intermittent
resources enter commercial operation, both voltage and thermal violations may occur.

Accordingly, distribution‐level DG will be evaluated in combination with new larger generation
in the Utility‐Scale PV Integration study that Navigant is currently conducting in conjunction
with SNL, DOE, and NV Energy.

3.7

Other Limiting Factors to Increased DG Penetration

Minimum Load Limits
The amount of DG that can be installed will be impacted by low load conditions and new large‐
scale renewable projects. In this study, DG includes new, smaller renewable generation installed
on NV Energy’s distribution system, but excludes larger, utility‐scale generation. However,
there are several hundred MWs of utility‐scale intermittent renewable generators that entered
into purchase power agreements (PPAs) but are not yet in commercial operation. If DG is
evaluated in conjunction with these larger projects, the total amount of non‐dispatchable
generation can represent a considerable percentage of total NV Energy’s load.22 During light

22 Because renewable projects such as wind and PV operate when solar and wind resources are available, they appear
as an offset to utility total load.
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load conditions, this percentage can be high, which can impact NV Energy’s generation
performance and costs.
The current NV Energy large‐scale renewable portfolio includes 1,240 MW23 of generation (not
including DG). These projects appear in Appendix A. When the 1,240 MW of utility‐scale
generation is compared to a low load day April (all 30 days appear in the chart), the net amount
of DG could be under 10 percent. Figure 12 illustrates the impact of the integration of utility‐
scale DG, after allowances for energy efficiency and demand response programs.
Figure 12. Minimum Load Limits

System Load, April 2011
High PV Output

North +
South
15‐20% buffer for minimum generation output,
operating reserves and load uncertainty
5‐10% buffer for demand response and Energy
Efficiency programs

1,240 MW of committed
RE projects

Potential DG limit

Results from Figure 12 indicate that when minimum load conditions are considered, 300 MW or
less is available for additional intermittent renewable generation (dotted red line at bottom of
chart) if all 1,240 MW of renewable projects were installed; less if additional large projects

23 The chart includes renewable energy under contracts approved by the PUCN. It does not include renewable energy
under consideration in the 2010 NV Energy Renewable RFP.
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requesting interconnection are installed.24 NV Energy currently projects up to 400 MW or more
demand response over the next 5 years for residential and commercial programs.
The combination of small and large DG, DR and EE results in a net load of 15 to 20 percent met
by conventional generation. At these low output levels, there can be a significant loss of
operating flexibility, and generation may operate at non‐optimal levels, or violate NERC
performance criteria.

24 The chart includes 5 to 10 percent allowances for demand response (DR) and energy efficiency (EE). The chart also
includes a 15 to 20 percent buffer for conventional generation, but this range is preliminary and may change as a
result of findings from the Utility‐Scale PV Integration Study.
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4
4.1

DG B ENEFITS AND C OSTS
Overview and Methodology

Navigant’s derivation of DG benefits and costs include only those categories that impact NV
Energy’s costs and rates; non‐quantifiable or third‐party impacts are excluded. Further, all cost
and benefits are marginal; that is, fuel, emissions and other costs and benefits are derived by
assuming DG impacts based on incremental as opposed to average costs. As noted previously,
the analysis does not examine the costs and benefits of DG ownership from the customer
perspective, nor does it compare the relative economics of competing DG technologies.

4.2

DG Benefits

Fuel Costs
Figure 13 presents the results of the fuel savings analysis conducted for 10‐year period
beginning in 2011. The chart presents the reduction in NV Energy’s generation fuel costs
resulting from the lower energy requirements due to DG output. The sharp increase in 2014
reflects the increase in production costs under the assumption that carbon legislation will be
enacted with fees based on the Mid‐Carbon scenario included in NV Energy’s most recent
Integrated Resource Plan (IRP). Since the timing and actual cost of the carbon component of
production costs is unknown, production costs and DG fuel savings, after 2013 have a greater
level of uncertainty.
Figure 13. Mid Carbon Scenario Fuel Cost Reduction (Million $)
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Figure 13 indicates that fuel cost reductions from conventional generation resources achieved
by displacement of energy by DG ranges from under $5 million for 1 percent DG to almost $100
million for 20 percent DG penetration. The savings derived via the PROMOD case studies
include a nominal amount of variable O&M associated with NV Energy generation.25
Related findings include:
•

Most fuel savings occur due to the displacement of natural gas generation operating
during daytime hours, and

•

At higher DG penetration levels, generation may operate at less than optimum dispatch
levels – this will be analyzed in the Utility‐Scale PV Integration Study.

Emissions Reduction
Figure 14 presents emission reductions, by source, for four DG penetration scenarios. The
percentages presented on the Y axis illustrates how NV Energy generation emissions output
changed due to the lower energy requirements resulting from DG output.
Figure 14. Emission Reductions by Fuel Type

25

The PROMOD production costing analysis did not include a rebalancing of the supply portfolio over time.
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Most emission reductions are natural gas, with some coal. Notably, the DG output sometimes
led to increased sales or purchases, which caused fuel savings to drop further. However,
outside sales and purchases are speculative, subject to market conditions and other factors, such
as the level of DG penetration in neighbouring utilities. (All emission savings are derived from
production costing simulation analysis, with all reductions based on fuel sources operating at
the margin.)
The analysis described above raises several issues and possible impacts including:
1. The displacement of largely natural gas generation by renewable output may reduce
operating flexibility as these units are shut down;


Natural gas generation represents the bulk of NVE generation including
efficient combined cycle and smaller gas turbines;



Gas units provide key grid support functions such as quick start generation,
load following and operating reserves; and



Additional study is needed to assess the impact of larger amounts of
renewable generation on grid operations.

2. The increases in sales presented in the prior slide are less certain, and will depend on
several factors including:


Market conditions;



Renewable resources on other utility systems, and non NVE utility actions;
and



Ability to sell natural gas generation at the margin – NVE gas is dry cooled,
vs. most market gas which is wet cooled.

Loss Reductions
System loss savings (or costs) were derived at the distribution level only, using results of feeder
load flow analysis to derive savings at low and high loads.26 All losses are incremental, which
tend to be higher than average feeder losses. For most representative feeders, loss savings were

26 All losses were derived by using the FeederAll load flow model to identify the change in feeder losses resulting
from DG energy output.
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relatively small, as the larger wire and cable, higher voltages in the North, and shorter feeders
in Las Vegas caused losses, in aggregate, to relatively low.
Figure 15 presents the economic savings achieved by reduced losses associated with DG output.
All savings are derived by multiplying energy loss reductions by incremental energy costs. A
loss factor was derived using the average load factor associated with DG output for PV and
wind.
Figure 15. System Loss Savings
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Capacity Benefits
Distribution capacity benefits are small due to the low renewable DG capacity factors,
intermittent output (caused by variable wind and cloud cover), and very low coincidence
factor27 between NV Energy’s feeder peaks and DG output profiles. Further, the rate at which
new distribution capacity is being installed is low due to modest growth forecasts. Lastly, the
automatic tripping of DG under IEEE 1547 further limits DG capacity benefits at the
distribution level.28
At the system level, no generation capacity credits apply as the expected system peak of 7:00
pm to 8:00 pm is outside of the hours PV is expected to produce appreciable output. Figure 16

27 Coincidence factor is the ratio of actual DG output to DG device rating at the time of the feeder or system peak
load.
28

IEEE 1547 requires DG to shut down when there is a sustained or momentary interruption on the feeder on which
it is installed, thereby reducing its ability to provide firm capacity.
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confirms the low coincidence of PV output and NV Energy daily peak load profiles. On the
peak day, the feeder peak occurs between 4:00 pm and 5:00 pm when PV output is beginning to
drop. On off‐peak days, the peak occurs in the evening, resulting in a zero coincidence factor.
While some degree of coincidence occurs on the peak day, projected capacity additions are
small, and the likelihood there will be enough DG to defer distribution investments is small.
Figure 16. DG Output Profiles

Figure 17 presents estimated distribution capacity benefits for a one‐year snapshot. Results are
presented for the North and South areas. All benefits are those associated with the deferral of
distribution feeder capacity as a result of DG operating at the time of the feeder peak. As noted,
many feeders peak in the evening when PV output is low. Further, new capacity additions
have declined due to economic conditions. Notably, the amount of distribution capacity
savings is negligible compared to other benefit categories ‐ distribution savings are up to two
orders of magnitude smaller than fuel offsets.
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Figure 17. Avoided Distribution Capacity (2015)
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4.3

DG Costs

DG costs include those needed for distribution system integration. These costs exclude those
related to transmission impacts or increases to generation fuel costs due to changes in unit
commitment, economic dispatch schedules, or additional wear and tear on generation caused
by a higher amount of ramping and load following for higher DG penetration.

System Protection
At higher DG penetration levels, protective relays and voltage control systems will likely be
needed to avoid equipment mis‐operation and to ensure protection coordination is not
compromised. Findings include:
•

At low DG penetration levels and where DG is uniformly distributed, protection
impacts are minimal for most feeders; and

•

At higher penetration levels, substation reverse power flows will limit the amount of DG
that can be installed.

Voltage Regulation
Similar to distribution capacity, voltage regulation limits were not violated for the majority of
DG penetration scenarios. The larger conductor size and higher voltages in the Northern area
each serve to stabilize voltages. Further, all DG devices were assumed to operate at near‐unity
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power factor, effectively making DG appear as a current injection source only; the absence of
variable reactive output and in‐rush current associated with inductive generators causes
inverter‐based DG to have relatively benign impacts for moderate DG penetration levels. The
cost of upgrades for higher DG penetration is presented in Figure 18. These costs include the
installation of new voltage regulators on existing lines – mostly in the North where there are
many long lines – or to upgrade controls on existing line regulators or switching devices
(reclosers) that are not equipped to operate with DG present on the line.
Figure 18. Voltage Regulation & Protection Control Costs (One-Time in Million $)
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Related findings include:
•

At higher penetration levels or where DG is heavily clustered, reverse power at the line
or feeder level may require installation or replacement of voltage regulator controls

•

In some locations, particularly longer lines, new voltage regulators may be needed

•

Line reclosers or protective relays with programmable settings may be needed where
protection coordination may be impacted by large amount of DG or where DG is heavily
clustered

Short Circuit Upgrades
At higher DG penetration levels, fault duty limits on substation and some line equipment may
be reached or exceeded. DG may cause fault duty to approach or exceed equipment limits in
the North; additional study is needed to confirm which equipment is impacted, Figure 19
presents these costs for increasing DG penetration levels. Notably, at low DG penetration, these
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costs are negligible. These costs include replacing substation circuit breakers and ancillary
equipment to avoid potential equipment failure due to high short circuit loadings for major
contingency events.

Figure 19. Short Circuit Protection Upgrades (One‐Time in Million $)
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Specific findings include:
•

At higher penetration levels or where DG is heavily clustered, substation equipment
fault duty limits in some locations may be approached or exceeded;

•

Although inverters produce less fault current over a shorter duration compared to
“rotating” devices, fault current has been measured at up to 3.5 per unit (NREL)29;

•

DG fault impacts are lower the further the devices are located from the substation; and

Additional fault studies and location‐specific impacts will need to be addressed prior to
when large amounts of DG is installed.

29

Understanding Fault Characteristics of Inverter‐Based Distributed Generation, NREL, January 2010.
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Distribution Capacity
The results of the distribution load flow studies, outlined below, indicate distribution line and
equipment capacity did not experience overloads for each of the DG penetration scenarios
modeled. Notably, many of NV Energy’s feeders in the Las Vegas area are relatively short with
large conductor size, while most feeders in the Northern service territory operate at 25 kV,
which has twice the current carrying capability of 12.47 kV under comparable density, length
and loading conditions. Other findings include:
•

Primary feeder trunk line and cable thermal capacity generally is sufficient to
accommodate lower to moderate levels of DG capacity (e.g., up to 15 percent
penetration);

•

Local capacity limits should be evaluated for heavy clustering, particularly on single
phase lateral tap lines; and

•

For heavy clustering or DG located on long circuits, voltage limits may be exceeded.
Capacity upgrades or enhanced voltage regulation may be needed (the cost of voltage
regulation upgrades is presented above).

4.4

Bulk Power System Impacts

The integration of DG at high penetration levels can alter or shift NV Energy’s generation unit
commitment and economic dispatch schedules, each of which could impact electricity
production costs. Further, as the penetration of DG resources increases concurrent with the
integration of proposed or committed large‐scale renewables, the existing system may require
operational and physical upgrades to allow integration of intermittent resources. These
upgrades or changes in generation unit operations may be needed to be in compliance with the
North American Electric Reliability Corporation (NERC) reliability and performance standards,
to mitigate or reduce the cost of operating generation in the presence of higher variability and
uncertainty.
Specific issues and concerns associated with DG and utility‐scale renewables on NV Energy’s
control area power delivery and generation system include:
•

Under low load conditions, the combination of small DG and large intermittent
generation can cause generation to operate at non‐optimal levels;

•

At higher DG penetration, generating operating reserve margins likely will increase,
causing added costs; and
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•

Other transmission connected utility‐scale wind or solar added to the system will
decrease the amount of allowable DG.
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5
5.1

E CONOMIC A NALYSIS
Economic Evaluation Methods

The economic analysis compares costs and benefits over the period 2011 to 2020 for each of the
DG penetration scenarios evaluated in prior sections of the report. All costs and benefits are
those that directly impact NV Energy and its ratepayers; that is, it excludes non‐quantifiable
societal costs and benefits, and those which accrue to third parties. It also excludes other
ratepayer costs including those associated with the Renewables Generation Rebate program
that NV Energy has in effect today.30 As noted previously, the economic analysis examines DG
economic impact to NV Energy’s ratepayers. It does not assess the costs and benefits of owning
DG from the customers’ perspective, as the scope of the investigation and the PUCN Order
directed the Company to assess how much DG can be installed within NV Energy’s existing
operating limits.
Net costs or benefits to NV Energy (i.e., ratepayers) are derived by subtracting fuel, emissions
and other benefits from net ratepayer costs, and adding the cost of interconnection as derived in
the prior section of the report. Net ratepayer costs are those which would be charged under
current rate schedules for the equivalent energy output of DG. Rates are assumed to increase at
the same rate as energy costs between 2011 and 2020 from the 2010 IRP. As noted, net ratepayer
costs do not include one‐time credits offered under NV Energy’s current Renewable Generation
rebate program.

5.2

Economic Impacts

DG Penetration (1 Percent)
Under current net metering rules, customers are credited in rates for all energy charges offset by
DG produced by customer‐owned DG that is located behind the customer’s meter ‐ up to 1
percent penetration has been established by the NV legislature for behind the meter renewable
DG. Figure 20 illustrates that net metering results in a net revenue shift of up to $6 million in
2011 of up to $10 million in 2020 to other retail customers for 1 percent DG penetration.

30 The intent of the analysis is to examine the economic impact of renewable DG from the electric utility perspective,
which includes costs and benefits related to NV Energy’s electric power system.
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Figure 20. Revenue Impact at 1 Percent DG Penetration (Million $)
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The above chart assumes retail rates will increase at the same rate as energy costs. They do not represent
NV Energy’s revenue or rate forecast.

DG Penetration (9 and 15 Percent)
Figure 21 and Figure 22 indicate that net costs to NV Energy ratepayers, after fuel offsets, can
range between $50 and $150 million annually with higher percent DG penetration. This
analysis excludes any impacts related to integration of utility‐scale renewable projects. Further,
no adjustments are made to account for tax credits or other incentives to DG owners for
renewable generation. Similarly, Navigant did not examine cost of service or rate design, as
each are outside the scope of this study.
Figure 21. Revenue Impacts for 9 Percent DG Penetration (Million $)
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Figure 22. Revenue Impacts for 15 Percent DG Penetration (Million $)
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The above charts assume retail rates will increase at the same rate as energy costs. They do not represent
NV Energy’s revenue or rate forecast

5.3

Utility Revenue Impacts

Navigant conducted a high‐level assessment of the net impact of increasing levels of DG
penetration to NV Energy revenues under the assumption that retail rates will increase
consistent with projected increases in power supply costs (presented in the prior section of this
report).31
Three scenarios were analyzed, including one percent, nine percent and fifteen percent DG
penetration and costs and benefits were derived on a dollar per megawatt basis. First, Navigant
estimated the total cost of DG output to NV Energy ratepayers for the reduced revenues from
the energy displaced by DG output. The savings from DG, which includes fuel, operations and
maintenance, deferred capacity and loss benefits, then were subtracted from these costs. The
difference between these values is the net cost to NV Energy ratepayers.

31

It was beyond the scope of Navigant’s study to assess retail rates, including how these rates are expected to change
over time and applicable rate design options for customers owning behind the meter DG, or for DG owners installing
generation directly onto NV’s distribution system.
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Results indicate that under these three scenarios, renewable DG is projected to reduce costs to
NV Energy ratepayers by $33 to $79/MWH over the next 10 years (Table 6). However, actual
costs to NV are between $108 and $219/MWH. Accordingly, the amount that NV Energy
ratepayers would pay to cover DG costs is between $75 and $141/MWH.32
Table 6. DG Savings and Net Costs ($/MWH)
Net Costs

2011

2015

2020

Total Cost of DG Output

$108

$184

$219

Less Savings for DG Benefits

$33

$63

$79

Net Cost to NV Energy Ratepayers

$75

$121

$141

32 The costs stated above do not include rebates or any other incentives paid to customers to install renewable DG.
The current one‐time rebates are $2300/kW for residential DG and $5000/kW for commercial DG.
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6

C ONCLUSIONS

Based on the results of the analyses presented herein and input provided by Stakeholders
during Study meetings, Navigant offers the following findings and conclusions.

6.1

Summary Assessment

Navigant’s independent assessment found that NV Energy’s distribution system alone does not
limit the amount of DG that can be installed within existing operating limits. While studies
completed at the distribution level were rigorous and provided important findings, other
factors, including bulk grid impacts and the presence of utility‐scale renewable projects must be
considered when evaluating DG impacts.
Specific findings include:


If DG is uniformly distributed, voltage and thermal studies indicate
distribution feeders generally are not the limiting factor for potential DG penetration. In
most locations, substation reverse power limits will determine how much DG can be
installed, as reverse power conditions may degrade reliability and voltage performance.
Further, if DG is clustered – clustering is likely to occur due to incentives, suitability of
DG location, demographics and income ‐ limitations may also apply at the feeder level.



The impact of other large, utility‐scale renewable projects, demand response,
and efficiency programs need to be taken into account to fully assess DG limits.



o

Transient issues caused by sudden cloud cover with attendant large shifts in DG
output on NV Energy’s control area performance were not studied. An ongoing
PV operational study with DOE and SNL, Utility‐Scale Solar PV Integration Study,
will address this issue, which will be completed in July 2011.

o

The impacts of DG on the distribution system cannot be studied in isolation. As
part of the Utility‐Scale Solar PV Integration Study, Navigant will evaluate the
impact of both large PV and small DG on the entire system in greater detail,
including low and high load conditions.

The economic impact of distribution‐level DG on ratepayers was evaluated at
a macro level relative to varying DG penetration, consistent with the study scope. Some
Stakeholders suggested additional analysis may be needed to fully assess rate impacts.
(e.g., Bureau of Consumer Protection, October 22, 2010 Comments in Docket 10‐04008).
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Power quality impacts of large amounts of DG have not been undertaken on
a large‐scale in the U.S. This is new territory for the electric utility industry and DG
community, and needs further study prior to when higher DG penetration levels are
reached.



Economic studies show fuel and emissions reductions for energy displaced
by DG output is mostly natural fired generation with some reduced coal emissions,
resulting in the potential loss of operating flexibility of NV Energy’s generation
portfolio.



When compared to the value of the energy paid under NV Energy’s retail
rates, savings for the same amount of energy produced by DG are well below NV
Energy’s actual cost of service. Since the incremental electric utility benefits from DG
energy production are lower than the reduced revenues, this would create a potential
subsidy to DG owners.

6.2

Integration of DG and Utility-Scale PV Studies

Navigant with support of the Department of Energy (DOE), Sandia National Laboratories
(SNL), Pacific Northwest National Laboratory (PNNL) and NV Energy is conducting a research
study to assess the impacts of DG and utility‐scale renewable projects on NV Energy’s
transmission system. The utility‐scale renewable projects include those which have signed
purchase power agreements (PPAs), but are not yet in commercial operation. The study will
include evaluating the power system impacts of DG and PV located in Southern Nevada,
ranging from 200 MW in the next few years to up to 1,000 MW by 2020. At these levels, DG and
PV could supply 20 percent of NV Energy’s load at peak, and up to 50 percent or more during
off‐peak hours. At this level of output, the cost of compensating for the operation of DG and PV
generation could be significant, both in terms of fuel cost, and operating and maintenance
expenses associated with rapid changes in generation output needed to follow intermittent
renewable supply.
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A PPENDIX A. U TILITY S CALE R ENEWABLE P ROJECT
P ORTFOLIO

44 Projects ‐
Total of 1,240 MW
In the past 12 months
NVE added 491 MW to
its portfolio
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A PPENDIX B – G LOSSARY

Operating Limits

The level at which electric power system can operate reliability and within
thermal and voltage limits under normal and contingency conditions without
need for upgrades

T&D losses

Electrical resistance losses as power moves from generation source to
customer meter

Load Tap Changer
(LTC)

Voltage regulation device; typically an integral component of a substation
transformer

DG

Distributed Generation. Generation sources (wind, solar, etc.) that are
connected to the distribution network in a widespread fashion, rather than in
one central location.

Harmonics

Higher order electrical waveforms imposed on utility 60 hertz system,
causing distortion

Unit Commitment

Pre‐scheduling of generation to meet day‐ or week‐ahead loads (at lowest
cost)

Minimum Run
Levels

The minimum output level of a generator; i.e., lowest MW output rating of a
generator

Resonance

Matching of inverter and load impedance, causing excessive voltages or
currents

Feeder Load Flow

Steady state simulation of distribution feeders to determine if thermal
loading or voltage violation exist under a range of operating conditions and
DG output levels

Transmission Load
Flow

Steady state simulation of transmission network to determine if thermal
loading or voltage violation exist under a range of contingencies conditions
and DG output levels
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Inverter

Solid‐state electrical device that converts direct current (DC) to alternating
current (AC)

Impedance

The combined resistive and reactive (inductive) characteristics of an electric
power line

Load Duration
Curve

A chart of utility hourly loads, from highest to lowest, for a designated time
period

Power Factor (pf)

A measurement of the amount of reactive versus resistive output or power
requirements; electric power systems operate most efficiently when power
factor is near unity

Dynamic
Performance

The behavior of an electric power system under transient/non‐steady state
conditions

Control Area

An electric area or boundary for an electric utility grid; generation and
scheduled imports must align with electric demand to maintain frequency
within NERC performance standards
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A PPENDIX C – S TAKEHOLDER M EETINGS &
C OMMENTS

(Attachment C under separate cover)
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